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1. Introduction 
This paper will detail some bad news and good news. I've almost waited too long to write 
this, mainly thanks to Mother Nature's and PG&E's Public Safety Power Shutoffs 
(PSPS). My mountain home is in a tier 3 fire threat region, and this was impacted by the 
latest PSPS. I needed to make a couple of trips up there to reconcile these, and thus I'm 
behind in my authoring goals. When I started to write this it was the Thursday before the 
Tuesday when I normally post my papers. And now (on Tuesday as I'm finishing this 
paper) PG&E is threatening another round of PSPS for this week, although Mother 
Nature's climate patterns don't seem to agree. We have a high pressure area off the 
coast, but the inland low is well to the east. 

However, fate has helped me out here. I've identified two very large open-access 
documents that will provide me with more than enough information for a 3,000-word 
paper. Therefore I'm probably OK. 

This paper is about two subjects. The first is the latest update on the sea level rise and 
other oceanic issues. The second is a "no-regrets" to do list involving the oceans that will 
help the fight to mitigate climate change.  

2. Sea Level Rise and other Effects of Climate Change 
How much will the ocean rise between now and late in this century? Right now our best 
estimates will be detailed below, but there is a large range of uncertainty. Future new 
discoveries (and more powerful climate models) will help us narrow this range. 

All of the information below in this section is from the recent source referenced here.1 

A1.1. Ice sheets and glaciers worldwide have lost mass (very high confidence). Between 
2006 and 2015, the Greenland Ice Sheet lost ice mass at an average rate of 278 ± 11 
Gt/yr. (equivalent to 0.77 ± 0.03 mm/yr. of global sea level rise), mostly due to surface 
melting (high confidence). In 2006–2015, the Antarctic Ice Sheet lost mass at an 
average rate of 155 ± 19 Gt/yr. (0.43 ± 0.05 mm/yr.), mostly due to rapid thinning and 
retreat of major outlet glaciers draining the West Antarctic Ice Sheet (very high 
confidence). Glaciers worldwide outside Greenland and Antarctica lost mass at an 
average rate of 220 ± 30 Gt/yr. (equivalent to 0.61 ± 0.08 mm/yr. sea level rise) in 2006–
2015.  

A2.1. The ocean warming trend documented in the IPCC Fifth Assessment Report 
(AR5) has continued. Since 1993 the rate of ocean warming and thus heat uptake has 
more than doubled (likely) from 3.22 ± 1.61 ZJ/yr. (0–700 m depth) and 0.97 ± 0.64 
ZJ/yr. (700–2000 m) between 1969 and 1993, to 6.28 ± 0.48 ZJ/yr. (0–700 m) and 3.86 
± 2.09 ZJ/yr (700–2000 m) between 1993 and 2017, and is attributed to anthropogenic 
forcing (very likely). Author's note: ZJ is a Zetajoule, which is 277,777,778 Gigawatt-
hours. 

                                                 
1 Intergovernmental Panel on Climate Change (IPCC), " The Ocean and Cryosphere, in a Changing 

Climate", 24 Sep 2019, https://www.ipcc.ch/srocc/home/  

https://www.ipcc.ch/srocc/home/
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A2.5. The Ocean has taken up between 20–30% (very likely) of total anthropogenic CO2 
emissions since the 1980s causing further ocean acidification. Open ocean surface pH 
has declined by a very likely range of 0.017–0.027 pH units per decade since the late 
1980s, with the decline in surface ocean pH very likely to have already emerged from 
background natural variability for more than 95% of the ocean surface area. 

A2.6. Datasets spanning 1970–2010 show that the open ocean has lost oxygen by a 
very likely range of 0.5–3.3% over the upper 1000 m, alongside a likely expansion of the 
volume of oxygen minimum zones by 3–8% (medium confidence). Oxygen loss is 
primarily due to increasing ocean stratification, changing ventilation and biogeochemistry 
(high confidence). 

A3.1. Total global mean sea level (GMSL) rise for 1902–2015 is 0.16 m (likely range 
0.12–0.21 m). The rate of GMSL rise for 2006–2015 of 3.6 mm/yr. (3.1–4.1 mm/yr., very 
likely range), is unprecedented over the last century (high confidence), and about 2.5 
times the rate for 1901–1990 of 1.4 mm/yr. (0.8– 2.0 mm/yr., very likely range). The sum 
of ice sheet and glacier contributions over the period 2006–2015 is the dominant source 
of sea level rise (1.8 mm/yr., very likely range 1.7–1.9 mm/yr.), exceeding the effect of 
thermal expansion of ocean water (1.4 m/yr., very likely range 1.1–1.7 mm/yr.) (very high 
confidence). The dominant cause of global mean sea level rise since 1970 is 
anthropogenic forcing (high confidence). 

Authors note: I only excerpted the most important observed changes and impacts from 
the above reference. There are many secondary and other impacts that are covered in 
this document, and also many charts and illustrations. Then there is the 50 page main 
text that discusses everything in great detail with many tables, charts and illustrations. 
So if a reader wants more information, go through the link in the above reference. 

3. Ocean-based Renewable Energy 
This and the remaining sections in this paper are drawn from the document referenced 
here.2 This document focuses on potential ocean-based solutions that might mitigate 
greenhouse gas (GHG) emissions and support natural systems that can both absorb 
greenhouse gases and help blunt the impact that climate change will have on the earth 
and human civilization. Quotations from this document in the remainder of this paper are 
quoted (italics and quotation marks). I may edit these lightly for clarity, brevity and to 
Americanize the text. 

This section covers the first solution opportunity-set that is the section title. Although I try 
to limit the number of illustrations in my papers, the one at the top of the next page 
caught my attention. By the way GtCO2e is billions of metric tons of carbon dioxide 
equivalent, that is, the specified weight of carbon dioxide and/or other greenhouse 
gasses with a global warming potential equal to the specified weight of carbon dioxide. 

                                                 
2 Ove Hoegh-Guldberg, et al, University of Queensland, Australia, "The-Ocean-as-a-Solution-to-Climate-

Change", September 2019, 

https://www.researchgate.net/publication/335984900_The_Ocean_as_a_Solution_to_Climate_Change_Fiv

e_Opportunities_for_Action  

https://www.researchgate.net/publication/335984900_The_Ocean_as_a_Solution_to_Climate_Change_Five_Opportunities_for_Action
https://www.researchgate.net/publication/335984900_The_Ocean_as_a_Solution_to_Climate_Change_Five_Opportunities_for_Action
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Although there are other potential sources of ocean-based renewable energy, currently 
off-shore wind is making a major contributions. I have written previous posts on this 
subject. These are linked below. The first is the most comprehensive (but also the oldest 
– about 18 months old), the second and third are a recent two-part series on U.S. East 
Coast wind developments, and the last is a recent paper on the potential for U.S. West 
Coast off-shore wind. 

https://www.energycentral.com/c/iu/wind-and-water 

https://www.energycentral.com/c/cp/shore-wind-update-%E2%80%93-part-1  

https://www.energycentral.com/c/cp/shore-wind-update-%E2%80%93-part-2-rev-b 

https://www.energycentral.com/c/cp/california-offshore-wind  

Other types of ocean-based renewables include "energy extracted from waves and tides. 
Energy within the ocean can also be extracted from salinity and temperature gradients 
(e.g., by ocean thermal energy conversion [OTEC] or by heat pumps for heating and 
cooling). Lastly, floating solar photovoltaic (PV) systems are beginning to emerge in 
marine environments." 

Of the above only OTEC have been demonstrated at a near-commercial scale and only 
tidal energy production has been operated at a commercial scale. The latter requires a 
specific land-ocean topology to be viable. 

4. Trans-Oceanic Shipping 
"Current GHG emissions from global ocean transport (both international and domestic 
shipping of passengers and freight) are approximately 1 GtCO2e per year and represent 
around 3 percent of global anthropogenic CO2 emissions. Long-term trends in shipping 
indicate a strong increase in demand and gradual improvement in energy efficiency. 

https://www.energycentral.com/c/iu/wind-and-water
https://www.energycentral.com/c/cp/shore-wind-update-%E2%80%93-part-1
https://www.energycentral.com/c/cp/shore-wind-update-%E2%80%93-part-2-rev-b
https://www.energycentral.com/c/cp/california-offshore-wind
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Since 1970, energy efficiency has improved by only about 1 percent/year. If current 
trends continue, demand is likely to grow by 3 percent/year, which would lead to GHG 
emissions approximately doubling in 2050, to roughly 2 GtCO2e per year, compared to 
2010." 

4.1. Mitigation 
The following short-term mitigation strategies are recommended by the above source: 

 Hybrid power plants (batteries plus relatively clean diesel) could be used for 
much more efficient generation of propulsion and auxiliary power. 

 Biologically derived fuels could be used for low-emission power. 

In the long term renewably generated hydrogen could be used for generation of 
propulsion and auxiliary power. 

The author believes that future advanced nuclear fission reactors could be used to 
power the largest vessels. Consider that the U.S. Navy Virginia Class attack submarine 
uses a reactor for power that does not need to be refueled for the life of these vessels 
(over 30 years). An international agreement could help to create a set of modular 
commercial nautical reactor specifications and footprints. Competitive design and 
production by multiple reactor manufacturers would allow these to be incorporated into 
large commercial vessels that would ultimately have a lower cost and higher 
performance than current designs. This would especially be true if the greatly reduced 
fuel cost were considered. Of course, these vessels would also have very few 
greenhouse gas emissions. 

4.2. Role of Government 
"The majority of the mitigation potential in ocean based transportation is significantly 
influenced by one global body: the United Nations International Maritime Organization 
(IMO). Domestic shipping is regulated by national governments, but often by flowing 
through IMO regulation. This subsection discusses interventions that can be undertaken 
by the IMO, national governments (including supranational organizations such as the 
European Union), and private sector organizations. Private sector initiatives may be 
voluntary, shifting behavior and removing existing barriers to decarbonization, or 
mandated by national or global policy in due course." 

The following should be considered: 

 "Cost-effective energy efficiency improvements can be made today, before the 
arrival of new fuels and their associated infrastructure. 

 "Current energy efficiency policy (IMO regulations on energy efficiency design 
index, EEDI) and energy efficiency management (SEEMP) are inadequate. 

 "EEDI has significant failures in its design, and Ship Energy Efficiency 
Management Plan (SEEMP) is only a guideline, with no mandatory target. 

 "Energy efficiency improvements can reduce the impact on shipping and trade of 
moving to higher cost low- and zero-carbon fuels. 

 "Policy needed to stimulate low- and zero-carbon fuels and support innovation 
may take longer to implement at IMO. In contrast, existing policy frameworks at 
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"IMO may be more easily and quickly used to drive improvements in energy 
efficiency and energy intensity. 

"Emissions from the shipping industry was not explicitly included in the Paris Agreement. 
The expectation was that the IMO would lead on GHG-reduction efforts and develop 
global regulations. Another factor is that the majority of GHG emissions from shipping 
occurs in international waters, and there is no obvious way to allocate national 
responsibilities for mitigation.  

"The IMO’s Initial Strategy was adopted in 2018, partly as a clear statement of how IMO 
intended to fulfil its responsibility under global efforts to combat climate change. It is 
closely linked to the Paris Agreement both in terms of its mitigation goals and its 
adherence to the principle of Common but Differentiated Responsibilities and Respective 
Capabilities. 

"The IMO’s Initial Strategy lays out three groupings of candidate policy interventions 
(short, medium, and long term), which, if effective, could realize most of ocean-based 
transport’s mitigation potential… The time frames are understood to correspond 
approximately to implementation timescales of before 2023 (short), 2023 to late 2020s 
(medium), and 2030 onward (long)…  

"SHORT TERM: 

 "Redesign of the EEDI formula so that it is fit for purpose (see section above) and 
addresses all in service GHG emissions. 

 "Adoption of policy measures that go beyond SEEMP to incentivize maximum 
operational efficiency of the existing and new fleet by no later than 2030. 

 "Adoption of policy to reduce GHG emissions from shipping other than CO2, in 
particular methane (CH4) emissions associated with methane and volatile organic 
compound (VOC) emissions associated with certain cargoes. To enable this, it 
will be necessary to develop CO2 equivalent emission factors for all major fuel 
and machinery combinations on a tank-to-wake (TTW) basis, including for use in 
the redesigned EEDI formula. 

 "Commitment to a timetable for shipping’s transition to low- and zero-carbon 

fuels that will prompt early action and send a clear signal that investment should 
flow into fleets and related infrastructure. 

"MEDIUM TERM: 

 "Development of policy to measure, report, and verify well-to-tank (WTT) 
emissions for ship fuel and fuel supply chains. 

 "A 'medium-term' policy measure entering into force, no later than 2025, that 

strongly incentivizes the adoption of low- and zero-carbon fuels by shipping. 
Options include a price on carbon (or GHG) emissions to simultaneously close 
the price gap between conventional and low- and zero-carbon fuels and enable 
competitive pricing for all options that reduce the GHG intensity of shipping… 

 "Standards that prescribe the carbon or GHG intensity of operation or the fuel 
used in ocean based transport…" 
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Authors note: the reference only addressed short and medium-term. Also the reference 
went into details on possible roles of national governments and the private sector. I did 
not think these were realistic, and thus am not repeating them here. 

5. Blue Carbon Ecosystems 
"Mangroves, salt marshes, and seagrass beds are highly productive vegetated coastal 
ecosystems, which are referred to as “blue carbon” ecosystems, analogous to “green 
carbon” ecosystems on land. They are hotspots for carbon storage, with soil carbon 
sequestration rates per hectare up to 10 times larger than those of terrestrial 
ecosystems. Most of their carbon (50–90 percent) is stored within the soils where 
saltwater inundation slows decomposition of organic matter, leading to accumulation of 
extensive soil carbon stocks. 

"When these ecosystems are degraded and converted, carbon in their biomass and 
soils, which may have accumulated over hundreds or thousands of years, are oxidized 
and emitted back to the atmosphere in a matter of decades. Thus, protection of blue 
carbon ecosystems offers an efficient pathway to avoid CO2 emissions, particularly for 
nations with large areas of coastal vegetation and high rates of loss. For example, 
conversion of mangroves to aquaculture accounts for 10 to 20 percent of CO2 emissions 
associated with land-use change in Indonesia." 

The U.S. has extensive coastal areas that are suitable for blue carbon storage. A large 
percentage of these, especially on the West Coast, are being so used. However many 
coastal real-estate developments, not only eliminate existing blue carbon storage, but 
also release large amounts of greenhouse gas into the atmosphere (from oxidized 
biomass and soils, plus emissions from the development).  

With rapidly accelerating sea level rise (see section 2 above), and increased number 
and strength of flooding storms on the East Coast and Gulf Coast (see the link to an 
earlier paper below), it is strongly suggested that coastal areas that are repeatedly 
flooded by these storms be replaced with vegetated coastal areas. These areas will also 
slow negative effects of climate change for communities further inland. 

https://www.energycentral.com/c/ec/fire-and-storms-%E2%80%93-part-2-rev-b  

6. Seafood 
"There are two principal ways in which ocean-based foods can contribute significantly to 
climate change mitigation. One seeks to reduce the carbon footprint of ocean-derived 
food production. For example, changing fuel sources in vessels and technological 
advances in production techniques can alter the emissions associated with seafood from 
both wild-caught fisheries and ocean-based aquaculture. The other seeks to identify 
emission reductions from potentially shifting more GHG-intensive diets to those that 
include more GHG-friendly seafood options, if those seafood options can be provided on 
a sustainable basis.  

"Different types of food, produced in different places by different means, can vary by 
more than an order of magnitude in the total GHGs they emit across their full life cycle. 
The composition of global diets, therefore, has a major effect on global emissions. 

"There are also opportunities for efficiency gains by reducing waste in the seafood 
supply chain. More than one-third (by weight) of all food that is produced is currently lost 

https://www.energycentral.com/c/ec/fire-and-storms-%E2%80%93-part-2-rev-b
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in the supply chain, and even higher fractions may be lost in some seafood supply 
chains. 

"The largest potential mitigation gains, however, are likely to be found in shifting diets 
away from terrestrial animal-based protein, particularly beef cows and other ruminants, 
towards plant- and ocean-based options that have been identified as having a lower 
carbon cost. The world’s population continues to grow, and so does demand for food, 
although projections of food demand are highly uncertain. Rising affluence and the 
spread of “Western diets” is encouraging the consumption of more animal protein. These 
trends will continue to drive growth in GHG emissions unless dramatic changes occur in 
the scale and composition of foods that are selected for human consumption." 

The reference used for sections 3 through 7 (above) estimates that shifting the share of 
ocean-based protein-diets (vs. ruminant-based protein-diets) have the potential to 
reduce GHG emissions 0.24–0.84 GtCO2e per year by 2030, and 0.30–1.06 GtCO2e per 
year by 2050.  

7. Seabed Carbon Storage 
"The ocean naturally contains nearly 150,000 GtCO2e. This dwarfs the 2,000 GtCO2e in 
the atmosphere... Each year, as a consequence of human activities, approximately 10 
billion tonnes of CO2, or about 25 to 30 percent of anthropogenic CO2 emissions, enters 
the ocean. As a result, there is considerable theoretical potential to store CO2 (once 
captured and compressed) in the ocean in ways that substantially reduce adverse 
environmental impacts relative to the environmental impacts that occur as a result of 
atmospheric release of CO2…" 

"The storage of highly concentrated and compressed CO2 streams in the seabed is the 
only option that is currently deployed at industrial scale and is therefore the only option 
that has a reasonable likelihood of being deployed at large scale by 2030 and beyond. 
To date, sub-seabed storage has been used only to facilitate the extraction of natural 
gas from the Norwegian coast. Thus, the net flux of carbon has been from the seafloor to 
the atmosphere, not the other way around. The process returns excess CO2 back to the 
sub surface that comes up with the natural gas. If not for extracting the natural gas, the 
CO2 would have remained in the sub-surface. Other theoretical options exist, but have 
not been developed…" 

"Carbon capture and storage of CO2 in the seabed requires that CO2 be concentrated, 
compressed, and transported to the deep-water injection site. A number of studies, 
concluded that the costs for capture and compression from a fossil fuel power plant 
would be around US$20 to US$95 per tonne of CO2 captured, and the cost of 
transportation approximately US$1 to US$10 per tonne of CO2.  

"The cost of geological storage was estimated at US$0.5 to US$10.0 per tonne of CO2 
injected, and US$5 to US$30 per tonne of CO2 (>1000 m)." 


